Distal radius fractures (DRFs) are often accompanied by concomitant ligamentous injury in the wrist.
diagnosis of associated SLI is challenging due to localized pain, and diagnosis of acute concomitant SLI depends largely on radiographic assessment. 8 It has been suggested that radiographic evaluation of SLI is better suited for excluding rather than diagnosing SLI. 9 In addition, the outcomes of posttraumatic radiographic assessment of SLI should be interpreted with caution because patients with SLI may have a normal radiographic appearance or the SLI may have a nontraumatic origin. 10, 11 Nevertheless, patients with a DRF accompanied by SLI seem to benefit from timely diagnosis and treatment. 8 There is, however, insufficient evidence regarding the choice of surgical treatment of SLI and treatment considerations made by surgeons are therefore mostly experience-based rather than evidence-based.
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Since closed treatment of DRFs appears to be losing popularity, we speculate that we might see a progression of SLI that would be treated implicitly through immobilization of the DRF. 5 Given the fact that it remains unclear to what extent radiographic diagnosis of SLI associated with a DRF should influence the surgical decision-making regarding the treatment of these ligamentous injuries, we aimed to identify the number of times that concerns about the possibility of concurrent SLI in the setting of a DRF had been raised by the radiologists, and to identify the number of patients who had a clinically confirmed diagnosis of this radiographically established concern for SLI. We further aimed to identify how many of the patients with a radiographic concern by the radiologist for SLI had an operative scapholunate ligament (SLL) repair. Finally, we aimed to identify risk factors that are (independently) associated with operative repair of SLL diastasis in patients who were operatively treated for a DRF.
Patients and Methods

Study Design
After approval by our institutional review board, we queried a research database of three affiliated urban hospitals in a single city in the We assessed their radiography, surgery, and clinical reports for the presence of (variations or fragments of) the word "scapholunate" and "SL," resulting in 654 patients. To make sure we would not miss patients who were treated for their scapholunate ligament (SL) diastasis but might have had miscoding of their DRF, we cross-matched this cohort by performing the same query based on CPT codes for operative or nonoperative treatment of SL diastasis (25320, 25660, and 25670), resulting in an additional 47 patients. We then manually reviewed the radiography, surgery, and clinical notes of these patients from their medical charts and established an initial cohort of 291 patients who had a diagnosis of SL diastasis by the radiologist on any radiograph taken in the course of treatment of the DRF. Based on manual chart review, we recorded characteristics related to the patient (age, sex, obesity, smoking status, alcohol abuse), the injury (trauma mechanism, injured hand, open or closed fracture), and the diagnosis and treatment (type of treatment, time from injury to treatment, time from injury to radiographic diagnosis of SLI). One author (S.Ö.) measured the SL gap on the first radiograph that was reported to be positive for SL diastasis, which was measured from the midpoints of the opposing facets of the scaphoid and the lunate on the posteroanterior radiograph of the wrist. These measurements were for informative purposes only-inclusion in the cohort was based on the radiologist's diagnosis, and not on our own measurements. After excluding patients based on our exclusion criteria (►Table 1), our final cohort consisted of 200 patients who had surgical treatment of their DRF and had a diagnosis of SL diastasis by the radiologist based on the radiographs of the wrist (►Fig. 1). The median follow-up duration was 24 weeks (interquartile range [IQR]: 15-42 weeks). The mean follow-up of the patients who had treatment for their SLI was 21 AE 9.7 weeks, whereas this was 39 AE 49 weeks for the patients who did not have treatment for their SLI.
Patient Characteristics
Our study sample consisted of 148 women (74%) and 52 men (26%) and the mean age was 58 AE 14 years. The mechanism of injury had a low-energy origin (fall from standing height or less) in a majority of patients (n ¼ 159; 80%) and a highenergy origin (fall from height higher than standing height, motor vehicle accidents, or sports injuries) in 40 patients (20%). One patient (0.50%) had a fracture that was caused by a crush injury. Ninety percent of the patients had ORIF of their DRF. The first time SLI was diagnosed was on the postoperative follow-up radiographs in the majority of the patients: 36% (72 patients) of the SLI diagnosis were made on the first postoperative radiograph, and 40% (79 patients) on a later postoperative follow-up radiograph. Of the 49 out of 200 patients (25%) who received a diagnosis of SLI preoperatively, 37 patients (19%) were diagnosed on the postreduction radiograph and 12 patients (6%) were diagnosed on the prereduction radiograph.
Statistical Analysis
We described the frequencies of dichotomous and categorical variables. Continuous variables with a normal distribution were reported as mean values and standard deviations (SDs). We reported the median and IQR for continuous variables with a nonparametric distribution. We initially planned to perform a bivariate and a multivariable analysis to identify factors that are (independently) associated with operative treatment of SL diastasis, but, unfortunately, this was not feasible due to the low number of patients who had operative treatment of their SL diastasis.
Results
Of the 2,923 patients that had operative treatment of their DRF, 654 patients (22%) had a mention of variations or fragments of the term "scapholunate" or "SL" in the reports of their plain radiographs, including (variations of) "normal scapholunate distance." Of these 654 patients, 200 patients (30%) had a diagnosis of SLI on their radiographic report, dictated by the radiologist. Seven of these patients (3.5%) had a clinical concern for SLI in their visit note, as written by the treating surgeon. Except for 1 patient whose first mention of SLI was in the operative report, all descriptions regarding SLI in these 7 patients were based on the radiograph report that was dictated by the radiologist. The mean SL distance on the first radiograph indicating SLI in these 7 patients was 4.2 AE 1.5 mm (range, 2.3-6.1 mm). Of the 200 patients who had operative treatment of their DRF and a diagnosis of SLI, 196 patients (98%; ►Table 2) had no repair of their SLI and 4 patients (2%; ►Table 3) did. Of the three patients who had a clinical concern of SL diastasis but no operative treatment for their SLI, the surgeon did not feel the treatment was warranted based on the intraoperative fluoroscopy. None of the 196 patients without operative treatment of their SLI have undergone a SL repair so far. Due to the low number of patients who had a SL repair, a statistical analysis was not feasible and we were therefore unable to identify factors that were (independently) associated with SL repair.
Discussion
Radiographic diagnosis of SLI in the setting of DRFs can be challenging, even when combined with adequate history taking and proficient clinical assessment of tenderness over the dorsal aspect of the scapholunate articulation. Our aims were to understand and identify the incidence of radiographic diagnosis of concurrent SL diastasis in the setting of a DRF. We further aimed to identify how often the radiologist's diagnosis was confirmed by the treating surgeon and how many of the patients with a concern for SLI by the radiologist received operative treatment for the SLI. Finally, we aimed to identify the risk factors that are (independently) associated with operative repair of SL diastasis in patients who were operatively treated for a DRF. This study should be interpreted in light of its strengths and limitations. First, our study comprises patients from two level I trauma centers and one affiliated community hospital in an urban city in the United States and our findings may not be applicable to other settings. Second, since this is a retrospective study, we relied on accurate recordkeeping and there may be an element of misregistration. This, however, is typical for retrospective chart studies and is unlikely to influence our outcomes. 13 Third, even though large database studies such as this study are an appropriate study design to investigate relatively uncommon events such as SL repair surgery in DRFs, this type of surgery was too uncommon to facilitate a statistically meaningful analysis of factors that may have an (independent) association with SL repair surgery. Finally, while definitive criteria for the diagnosis of SLI by the radiologists in our study were not reported in the radiology reports, we can only speculate based on personal communications that the cut-off value of 2 mm was utilized by the radiologists. The main strengths of our study comprise our large study sample and our manual chart review, providing us chart-abstracted data which allows evaluation for clinical details rather than information based on databasecoding alone. Numerous studies have reported varying incidences of SLI associated with DRFs, based on either medical imaging or arthroscopy of the wrist.
1-5,14-16 The incidence of specifically radiographically diagnosed SLI in patients who were operatively treated for DRFs seems to lie between 8.1 and 32%. 2, 15 Although radiographs are considered to be a reliable tool in diagnosing SLI, 17, 18 plain radiographs seem to be more useful for excluding rather than confirming SLI.
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In this study, 200 out of the 2,923 patients (6.8%) who were operatively treated for their DRF had signs of SLI on their plain radiographs taken in the course treatment of the DRF (►Table 2), as diagnosed by a radiologist. Surgeons mentioned a concern for SLI in 7 of the 200 patients (3.5%) with radiographic signs of SLI, as diagnosed by a radiologist. We found that of the 200 patients with a DRF and concern for Smoking, n (%) 20 (10) Trauma characteristics
High energy wrist trauma, n (%) 38 (19) Dominant hand injured, n (%) 81 (41) Open fracture, n (%) 10 (5.1)
Diagnosis and treatment characteristics
Days from injury to distal radius surgery, mean AE SD 9.2 AE 9.9
Days from injury to first SLþ radiograph, median ( Measured SL diastasis on first SLþ radiograph, mean AE SD, mm (%)
SLI by a radiologist, only 4 patients (2%) received surgical repair of their SLI. Radiographical and clinical criteria for the diagnosis of SLI have both been extensively described.
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Despite these well-defined criteria, radiologists diagnosed SLI in 200 out of 2,923 patients who had ORIF of their DRF, whereas the surgeons treating these patients only identified four. Prior published data regarding SL surgery is mainly based on an arthroscopic diagnosis of SLI. 1, 4, 5, 14, 20, 21 Apart from institutional differences and a lack of consensus on the treatment of SLI, 22 differences in rates of operative treatment of SLI may possibly be explained by different criteria for diagnosing SLI radiographically, 23-26 differences in mean age between the study populations, and patient preferences. It must also be considered that over the past 25 years, since the first reports of SLI in the setting of a DRF were published, our understanding of the pathology of this injury has evolved. Cadaveric studies have demonstrated that for SL diastasis to occur several ligamentous injuries have to occur at the same time, 27 and that increased SL distance or altered carpal relationships do not necessarily indicate pathology.
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Since SLI in the setting of a DRF does not always lead to carpal malalignment, not every SLI may need treatment. Finally, as the treatment of DRFs has predominantly evolved to routine volar locked plating, one has to speculate that restoration of the anatomy of the radius is likely to have a positive influence on the carpus and its intercarpal relationships. More recent studies indicate that surgical repair of SLI is especially worthwhile in patients with (radiographic) signs of severe SLI and/or a high functional demand of their injured wrist.
2,29
Overall, our findings indicate that the current abilities to radiographically diagnose SLI effectively in the setting of a DRF are suboptimal. Based on our data, it appears that radiographic diagnosis of SLI is challenging and often does not seem to correspond with clinical concerns by the treating surgeons. Radiologists demonstrate a low threshold to identify these injuries while the number of SLIs identified by the treating surgeon is a remarkably smaller number. The actual number of operative SL repair is only a fraction of the denominator of all DRFs.
As the understanding of this concurrence has evolved over the last three decades, treatment recommendations are also evolving. We no longer recommend routine exploration and repair for a radiographic appearance of SLI, noted on preoperative films.
6,7 Rather, our current treatment practice consists of zero rotation posteroanterior and lateral radiographs of the contralateral wrist performed at the initial office visit (►Fig. 2). If there is a difference in SL distance, then the patient is alerted to the possibility of this injury. They are also cautioned about the need for its repair and that this may be associated with some degree of permanent loss of wrist motion. We then fix the DRF operatively. After fixation is complete, using fluoroscopy, the wrist is imaged during flexion and extension as well as during radial and ulnar deviation. If SL relationships are restored and the scaphoid and lunate move as one unit, no further treatment 
